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VIMSS3334075: Dde_0715 hypothetical protein, 75 a.a. 
VIMSS3334076: Dde_0716 formate dehydrogenase, 199 a.a. 
VIMSS3334077: Dde_0717 formate dehydrogenase, alpha subunit, anaerobic, 798 a.a.  
VIMSS395910: Dde_0718 Anaerobic dimethyl sulfoxide reductase chain b (hybA), 237 a.a. 
VIMSS3334078: Dde_0719 molybdopterin-guanine dinucleotide biosynthesis protein-like, 345 a.a.  

HP  fdh-3                  fdhA-3                     hybA    COG-MobB 

VIMSS395943: Dde_0679 Rhodanese-related sulfurtransferase, 363 a.a.  
VIMSS395942: Dde_0680 fdoI Formate dehydrogenase, cytochrome B556 (FDO) subunit, 239 a.a. 
VIMSS395941: Dde_0681 Oxidoreductase, iron-sulfur cluster-binding subunit, 285 a.a. 
VIMSS395940: Dde_0682 Putative oxidoreductase, major subunit, 731 a.a. 
VIMSS395939: Dde_0683 cytochrome c family protein, 106 a.a. 

COG-SseA      fdoI    COG-HybA-2                   COG-BisC               cycB  

VIMSS395831: Dde_0812 fdoH Anaerobic dimethyl sulfoxide reductase chain b, 242 a.a. 
VIMSS395830: Dde_0813 fdnG Formate dehydrogenase, alpha subunit, 1014 a.a.  

fdoH                     fdnG-1 

VIMSS393593: Dde_3512 fdnG Formate dehydrogenase, nitrate-inducible, major subunit, 188 a.a.  
VIMSS3334782: Dde_3513 formate dehydrogenase alpha subunit, 808 a.a. 
VIMSS393591:Dde_3514 Anaerobic dimethyl sulfoxide reductase chain b, 242 a.a. 
VIMSS393590: Dde_3515 Conserved hypothetical protein, 307 a.a. 

fdnG-2                     fdhA-2                     COG-HybA-1         CHP   

VIMSS392980: Dde_0472 fhcA-1 Formate dehydrogenase, cytoplasmic, 133 a.a.  
VIMSS3334012: Dde_0473 formate dehydrogenase, chain A, 581 a.a. 
VIMSS392978: Dde_0474 fhcB Hydrogenase FeS protein, cytoplasmic, 201 a.a. 
VIMSS392977: Dde_0475 fhcC Fe-only hydrogenase, large & small subunits, cytoplasmic, 458 a.a. 
VIMSS392976: Dde_0476 fhcD Hydrogenase FeS protein, cytoplasmic, 164 a.a. 
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The operons of the three formate 
dehydrogenase transposons tested 

in this study (Figure 3A, 3B). 
FdnG-1 and FdnG-2 (Dde_0813 
and Dde_3513, respectively) are 

located in the periplasm (Figure 6).  
Fdh-A (Dde_0473) is part of the 

cytoplasmic fhc complex. Operon 
and gene annotations are from 

http://www.microbesonline.org/. 

The operons of two additional 
annotated formate dehydrogenase 

in Desulfovibrio G20. The 
colored genes are transposons we 
have available for testing study 

(Figure 6).  Fdh-2 (Dde_0716) is 
located in the periplasm, while 

fdoI (Dde_0473) is a membrane-
bound protein of a formate 

dehydrogenase complex. Operon 
and genes annotations are from 

http://www.microbesonline.org/. 

Figure 2: Desulfovibrio G20 Operons of Annotated Formate Dehydrogenases 

      When Desulfovibrio G20 is subcultured into Fumarate (60mM) medium with cells previously grown on Fumarate, the culture 
exhibited a short lag as compared to those which were innoculated with cells prviously grown in Lactate (60mM)/Sulfate (30mM) 
medium.  It appears that an adaption by G20 must occur before lactate/sulfate cells will grow on fumarate medium. 

Figure 1: Initiation of growth by Desulfovibrio G20 on Fumarate Requires Adaption to the Medium 

Figure 6: Proposed Model for the Growth of Desulfovibrio G20 on Fumarate (60mM) and possible Inhibitions 
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Figure 4:  Inhibition of Growth of Desulfovibrio G20 on Fumarate by Formate  
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B. Formate (0mM, 2mM, 5mM, and 15mM) added at 15.5 hours 

Formate 
Added 

Samples taken 
for HPLC and 
protein analysis 

Samples taken 
for HPLC and 
protein analysis 

A. Formate ( 0mM, 2mM, 5mM, and 15mM) added at Time 0 

Formate inhibited G20 growth on fumarate with the greatest effect observed when for was added at T0’ time.  15mM formate reduced final growth (µg/ml) by over 4-fold 
and proportionally produced less acetate: succinate then other treatments 

Time in Hours 

Substrate/
Metabolite 

mM of Substrate/Metabolite at 73 hours 

0mM 
Formate 

2mM 
Formate 

5mM 
Formate 

15mM 
Formate 

Fumarate 2.3 2.7 3.2 7.1 

Succinate 25.3 25.5 25.6 25.2 

Acetate 13.9 12.9 11.9 7.4 

Malate 5.0 5.1 5.3 6.7 

Pyruvate 0.2 0.2 0.2 0.2 

Formate 0 0 0.1 0.1 

Substrate/
Metabolite 

mM of Substrate/Metabolite at 73 hours 

0mM 
Formate 

2mM 
Formate 

5mM 
Formate 

15mM 
Formate 

Fumarate 2.3 3.9 11.1 35.3 

Succinate 25.3 24.8 23.1 12.7 

Acetate 13.9 12.9 11.1 2.3 

Malate 5.0 5.0 5.13 3.9 

Pyruvate 0.2 0.2 0.2 0.2 
Formate 0 0 0 0 

A. Subcultured from Lactate/Sulfate (60/30mM) 

Figure 3: Growth on Fumarate Medium of Desulfovibrio G20 and Three Formate Dehydrogenases Transposon Mutants 

B.  Subcultured from Fumarate (60mM) 
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Transposon mutants exhibited longer lag versus wildtype before initiating growth on fumarate, regardless of the source of the innocula.  Ultimately, the wiltype and mutants 
exhibited final growth yields within 19% of each other.  No unique trend in the end products was observed in the mutants compared to wildtype.  
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Substrate/
Metabolite 

mM of Substrate/Metabolite at 
73 hours 

WT fdnG-1-  fdh-A- 

Fumarate 2.1 14.9 7.2 

Succinate 25.6 19.5 22.8 

Acetate 12.8 9.9 11.0 

Malate 6.1 6.7 5.7 

Pyruvate 0.5 0.2 1.5 

Formate 0 0 0 

Substrate/
Metabolite 

     mM of Substrate/Metabolite at 
165.5 hours 

WT fdnG-1-  fdh-A- fdnG-2- 

Fumarate 1.1 10.9 13.0 2.9 

Succinate 27.2 20.5 20.4 23.1 

Acetate 13.7 12.0 11.8 13.7 

Malate 5.8 7.0 5.4 8.9 

Pyruvate 0.15 0.3 0.4 0.3 

Formate 0 0 0 0 

Figure 5: Desulfovibrio G20 Growth on Fumarate (60mM)  with N2, H2, or CO2 in Headspace 
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C.  The CO2 culture accumulated ca. 4-fold greater pyruvate than N2 or H2 
cultures.  Only the N2 culture produced significant malate over time. 

D. Succinate and acetate accumulated at the theoretical 2:1 ratio in N2 cultures.  The 
H2 culture began to accumulate succinate over time; however, no increase in acetate 
was observed 

B.  At most, 5% of the the fumarate was used by the H2 and CO2 cultures which exhibited 
only minimal growth yields (Fig. 5A).  Interestingly, only the H2 culture produced 
detectable amounts of formate. 
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